Young, French male athletes undergoing intensive elite sports training at the National Training Centre in Clairefontaine served as the subjects (N = 180; age range: 13 to 16 years) in a 3-year dietary survey aimed at characterizing their nutritional intake in terms of energy, macronutrients, calcium, and iron. Each year, the subjects were grouped by level into 3 promotions so that 9 groups could be studied. Dietary intake data were collected each year for each subject in the 9 groups, using a 5-day food record. The results showed that their total energy intake (TEI) was insufficient for athletes (ranging from 2352 ± 454 to 3395 ± 396 kcal/d as opposed to the recommended range of between 3819 and 5185 kcal/d). Furthermore, their diet was unbalanced, with too great an emphasis upon fatty foods (29.1 ± 2.8 to 34.1 ± 3.1% TEI vs. the 20% recommended), to the detriment of carbohydrates (48.5 ± 4.3 to 56.6 ± 3.1% TEI vs. the 55 to 60% recommended). The calcium intake was too low in 5 of the 9 groups while, in contrast, the iron intake was satisfactory in all groups. Furthermore, during this 3-year period at the Clairefontaine Centre, the subjects significantly (p < .05) improved their calcium and iron intakes (1021 ± 197 and 12 ± 2 mg/d in 1996, 1299 ± 155 and 16 ± 2 mg/d in 1997, and 1252 ± 184 and 17 ± 2 mg/d in 1998). This rise in micronutrient intakes may have been due to a physiological adaptation to growth or to the positive effects of courses on nutrition given during their stay at the Centre.
Introduction
A good nutritional status is a critical factor to athletic performance and the ability to compete, both physically and mentally. A sufficient body of scientific research is now available upon which dietary recommendations for optimum athletic performance may be based (1, 4, 8) . Indeed, in the case of some sports (cycling, running and swimming), studies have been carried out on the energy expenditure and nutrient intake of elite competitors, with the aim of observing if intakes complied with the recommendations. However, although soccer is certainly the most popular sport in the world, no national elite level athletes studies have been published on the dietary habits of soccer players and particularly in France.
The purpose of this study was to determine the energy, macronutrient, calcium, and iron intakes of different groups of young soccer players under different stages of elite training at the Clairefontaine Centre over a 3-year period. After the first year of the study, the preliminary results (9) indicated a satisfactory carbohydrate intake but a frequently insufficient micronutrient intake (particularly of calcium and iron), mainly among younger players.
Materials and Methods
The subjects who volunteered to participate in this study were young French athletes (age range: 13 to 16 years) under elite training at the National Training Centre in Clairefontaine, a specialized, selective center for professional soccer players. As part of their program, these athletes attended academic classes every morning (including a course on nutrition) and train in the afternoons. The study was carried out over a 3-year period from 1996 to 1998. Each year, three promotions (levels 1, 2, and 3) of young athletes were present at the Centre.
Each promotion (P i, j ) was identified according to (a) their level (i = 1, 2, 3) and (b) the year of study (j = 96, 97, 98) .
During the first year (1996) , three promotions (P 1, 96 , P 2, 96 , and P 3, 96 ) were present at the Centre. At the beginning of the second year (1997), a new promotion (P 1, 97 ) entered the Centre, while 20 of the 21 athletes from P 1, 96 and 16 of the 18 members of P 2, 96 were successful in moving up to the second (P 2, 97 ) and third (P 3, 97 ) promotions. At the beginning of the third year (1998), a new promotion (P 1, 98 ) entered the Centre, while 20 of the 25 athletes from P 1, 97 and 19 of the 20 members of P 2, 97 were successful in moving up to the second (P 2, 98 ) and third (P 3, 98 ) promotions.
Because 19 subjects in P 1, 96 became subjects in P 2, 97 and then P 3, 98 , it was possible to follow the evolution of members in the same group over the 3-year study period.
At the beginning of each year (to avoid seasonal variation of intake) from 1996 to 1998, the players recorded all food and drink consumed over a period of 5 consecutive days (including 3 weekdays and 2 weekend days). Since the volunteers were weekly boarders, they ate their breakfasts and evening meals at the Clairefontaine Centre and their lunch in the school canteen. On weekends, all meals were taken at home. The subjects were trained to fill out a dietary questionnaire so that they were able to assess food portion sizes using household measures such as cups, dishes, and spoons. The dietary records thus completed were analyzed by a dietician and were then calculated by converting food unit assessments into weights. The nutrient values ingested were then calculated using a food composition database (5) . The nutritional status of each soccer player, in terms of energy, macronutrients, calcium, and iron was thus established each year. Regarding their specific needs, practical and individual recommendations made according to the French recommended dietary allowances were given by a nutritionist to the subjects in order to help them to improve their nutrition.
All players underwent an annual medical examination, during which their weight, height, and body fat were recorded. The study design is summarized in Figure 1 .
Data in the text and tables are expressed as means ± SD. Comparisons among the three groups of players (the 19 subjects of P 1, 96 , P 2, 97 , and P 3, 98 that were observed all 3 years) were made using the ANOVA method with a Scheffe post hoc test using Systat 7 software.
Results
The physical characteristics of the players are given in Table 1 .
There were no significant differences in age during the 3 years of study amongst players in the first promotions (P 1, 96 , P 2, 97 , and P 1, 98 ; 13 years and 4.30 ± 3.10, 4.28 ± 2.31, and 4.91 ± 2.64 months, respectively). However, significant differences in age were seen over the 3-year period amongst players in the second and third promotions: Some players in P 2, 96 and P 3, 98 promotions were older (1996) and younger (1998) than those in the same promotion but in other years of training (14 years and 16.30 ± 8.60 months for P 2, 96 vs. 14 years and 4.65 ± 3.63 months for P 2, 97 and P 2, 98 ; 15 years and 5.53 ± 4.07 months for P 3, 98 vs. 15 years and, respectively, 16.40 ± 8.60 and 16.62 ± 8.57 months for P 3, 96 and P 3, 97 ; p < .05). These age differences had repercussions on bodyweight: During the 3-year study period, players in the first promotion presented with the same weight (for P 1, 96 , P 1, 97 , and P 1, 98 , 49.5 ± 8.4, 49.6 ± 9.2, and 53.0 ± 7.1 kg, respectively), while players in P 2, 96 were There is a significant difference between P i,j and P i,j+1 (p < .05). There is a significant difference between P i,j and P i,j+2 (p < .05). Body Mass Index 22.1 ± 1.5 21.6 ± 1.2 20.8 ± 1.2 (BMI) a P i j : i represents the level of the promotion and j the year of study.
b Percentage body fat was estimated from skinfold thickness measured at 4 sites using an specific equation for soccer players (7) . There was a significant difference between P i, j and P i, j+1 (p < .05).
d There is a significant difference between P i, j and P i, j+2 (p < .05). heavier than players in P 2, 97 and P 2, 98 (64.1 ± 8.4 kg vs. 52.8 ± 6.9 and 58.5 ± 8.0 kg), and players in P 3, 98 were lighter than those in P 3, 96 and P 3, 97 (61.7 ± 6.9 kg vs. 67.2 ± 5.7 and 66.8 ± 7.4 kg).
Body fat values also varied amongst players in the same promotion during the 3-year period, although Body Mass Index values did not. Variations in body fat amongst subjects in the same promotion in different years could be explained by the fact that the medical examination did not take place at the same time of year. Significant difference between P i, j and P i+1, j+1 with, respectively, p < .05, p < .01, and p < .001.
The results concerning mean daily dietary energy, macronutrients, calcium, and iron intake are shown in Table 2 . Table 3 shows the contribution of macronutrients to daily energy intake, expressed as a percentage of total energy intake (TEI).
The results reveal that players belonging to the first promotions (P 1, 96 , P 1, 97 , and P 1, 98 ) presented with energy and calcium intakes that were below the recommended levels for sedentary French boys of the same age (3). Energy intake was 2352 ± 454, 2757 ± 578, and 2420 ± 368 kcal/d, respectively, versus the 2680 kcal/d recommended for energy intake. Calcium intake was 903 ± 241, 1146 ± 338. and 913 ± 185 mg/d respectively, versus the 1200 mg/d recommended for calcium intake (3) . Within the other promotions, only players in P 2, 96 and P 3, 96 exhibited energy and calcium intakes below the recommendations for sedentary French boys of the same age (2583 ± 618 and 2611 ± 330 kcal/d, respectively, versus the 2680 kcal/d recommended for energy, and 935 ± 185 and 1067 ± 273 mg/d, respectively, versus the 1200 mg/d recommended for calcium). In contrast, all players had protein and iron intakes that were higher than or within the range of recommended levels ( Table 2) .
If the dietary intake of macronutrients was expressed as a percentage of total energy intake in all players, protein accounted for too high a proportion of this intake when compared with the recommendations for sedentary French boys of the same age (Table 3 ). In contrast, carbohydrates accounted for too small a percentage of total energy intake, except amongst players in P 2, 96 (56.6 ± 3.1% instead of up to 55%). Fats accounted for a correct percentage of total energy intake (at most, 35% of the total energy intake), this level corresponding to the recommendations for sedentary French boys of the same age, except for players in P 1, 98 (35.8 ± 3.5% vs. the recommended level of less than 35%). Table 4 shows the breakdown of dietary intake between different meals, expressed as a percentage of total energy intake.
These results show that, in all players, lunch always accounted for too small a percentage of total energy intake according to the recommendations for sedentary French boys of the same age, while snacks accounted for too high a proportion (Table 4) . Breakfast and the evening meal accounted for a correct percentage of total energy intake, except for players in P 3, 96 , in whom the evening meal accounted for 40 ± 6% of the total energy intake (30% TEI recommended for this meal).
It is interesting to focus on the evolution of particular group of individuals over the 3-year period. This is possible if we consider the 19 players in P 1, 96 who became members of P 2, 97 and then P 3, 98 ( Figure 1 ). As might be expected, in 1998, they were heavier than in 1997, and in 1997 they were heavier than in 1996 (Table 1) . They all also significantly increased their energy and macronutrient intakes between the first and second years, although the protein intake remained the same between the second and third years (at least p < .05; Table 2 ). Calcium and iron intakes also rose significantly (at least p < .05) during the 3-year period (1021 ± 197, 1299 ± 155, and 1252 ± 184 mg/d, respectively, for calcium, and 12 ± 2, 16 ± 2, and 17 ± 2 mg/d, respectively, for iron).
Discussion
The subjects in this study were aged between 13 and 16 years, and thus were considered as junior soccer players. Rico-Sanz (15) compiled the anthropometric characteristics of junior soccer players from different countries, which can be summarized as follows: The mean weight and body fat values in 14-18 year old soccer players are 67.2 kg (range: 62.5 to 72.3 kg) and 10.1% (range: 7.6 to 12.1%), respectively. During our study, the subjects were lighter (mean weight: 57.2 ± 10.1 kg; range: 49.5 to 67.2 kg), but presented with a higher body fat ratio (mean: 13.04 ± 2.52%; range: 12.1 to 15.0%). However, these values were still within the range recommended by Worthe (20) , who advocated a body fat value of 13% for soccer players, except for subjects in P 1, 96 , P 2, 96 , P 3, 96 , and P 3, 97 who fell outside this range (14.2 ± 1.5, 14.7 ± 1.5, 15.0 ± 1.4, and 14.1 ± 3.6%, respectively).
Energy and Macronutrient Intakes
People subjected to constant exercise require an adequate energy substrate. Furthermore, a satisfactory energy balance is important to achieve and maintain an ideal bodyweight and body composition. For elite athletes, a high energy expenditure during training dictates the need for a high energy diet.
In the different groups, the energy intake ranged from 2352 to 3395 kcal/d. When weight was taken into account, the energy intake then ranged from 38.8 to 55.5 kcal/kg/d. A representative sample of French boys between the ages of 2 and 17 years has been shown to receive a mean energy intake of 2153±632 kcal/d (16) . Thus all nine groups studied at Clairefontaine consumed more energy than boys within this 2-17-year age range in the general French population. This difference may result from the higher level of physical activity amongst our subjects than that seen in the general population of the same age, or from the difference in the age groups studied. In contrast, only five of the nine groups (P 1, 97 , P 2, 97 , P 2, 98 , P 3, 97 , and P 3, 98 ) had a mean energy intake reaching the level recommended for sedentary French boys of the same age (2680 kcal/d; Table 2 ). The energy requirements for athletes may be calculated using the following formula (12) When applied to the subjects in our study, the mean energy intake in all groups was always lower than the calculated energy requirement (between 2352 and 3395 kcal/d in the nine groups, vs. 3819-5185 kcal/d as recommended). The energy intake values for study subjects were also lower than those observed by Hickson, who reported that collegiate football players (12 to 18 years of age) consumed 3365 ± 1592 kcal per day (6) .
Subjects in our study thus presented with an insufficient energy intake for athletes.
The protein intake was higher than the level recommended for sedentary boys of the same age (3) in the nine groups studied (between 1.3 and 2.3 g/kg/d vs. 0.9 g/ kg/d as recommended; Table 2 ). This could be expected since, in such young athletes, the protein intake had to cover the needs linked to physical activity. The following calculations could be used as an aid to athletes when determining their protein requirements as a function of their training demands (12): protein requirement (g/d) = weight (pounds) 3 0.9-1.0 g during intensive training
This indicates that the protein requirement for individuals undergoing intensive training ranges from 1.98 to 2.20 g/kg/d. In our study, only three of the nine groups (P 1, 97 , P 2, 97 , and P 2, 98 ) presented protein intakes consistent with the recommendations for athletes (2.30 ± 0.50, 2.22 ± 0.41, and 1.98 ± 0.28 g/kg/d, respectively, vs. 1.98 to 2.2 g/kg/d as recommended). In contrast, their protein intake values agreed with those found by Hickson, who reported that collegiate footballers consumed 1.5 to 1.9 g protein/kg/d (6) . Thus, although the subjects in our study presented with a protein intake lower than the recommendation for athletes, their intake was similar to that of other junior soccer players.
When expressed as a percentage of total energy intake, protein accounted for a similar percentage in the nine groups, the level being above the recommendation for sedentary boys of the same age (13.1-16.2% TEI vs. the 12% TEI recommended for sedentary boys of the same age; Table 3 ). These results also agreed with those obtained by Maughan (14.3-15.9 % TEI for players between the ages of 23 and 26 years; 1), with the observations made by Economos (12-17% TEI for elite male athletes; 4), and with Hickson et al. (6) who also reported that in 15-to 18-year-old soccer players, protein accounted for 15% of the total energy expenditure. Therefore, with respect to protein, although the total amount was insufficient for athletes, the diet was well-balanced.
It is now well established that a high carbohydrate diet is beneficial to optimize performance (11) . Indeed, carbohydrate is necessary to replenish glycogen storage, glycogen serving as the primary fuel for muscle performance (4). The nine groups studied have a carbohydrate intake ranging from 294 ± 55 g/day to 395 ± 61 g/d (Table 2) . Three of the nine groups (P 1, 96 , P 1, 97 , and P 1, 98 ) presented a carbohydrate intake (306 ± 59, 337 ± 65, and 294 ± 55 g/d, respectively), which was lower than the recommendations made by Economos et al. for athletes (6 to 10 g/kg/d; i.e., 348 to 580 g/d for a subject weighing 58 kg; 4).
Five of the nine groups (P 1, 96 , P 3, 96 , P 1, 97 P 2, 97 , and P 1, 98 ) had a carbohydrate intake lower than that found by Maughan (306 ± 59, 348 ± 48, 337 ± 65, 340 ± 45, and 294 ± 55 g/d, respectively, vs. 354 to 397 g/d as observed by Maughan; 11) , and one group (P 1, 98 : 294 ± 55 g/d) an intake lower than that seen by Hickson et al. (302 to 366 g/d; 6) .
When expressed as a percentage of total energy intake, carbohydrates accounted for a percentage (48.5 to 56.6%) that reached the recommendations for sedentary boys of the same age (3) or for athletes (55 to 66%, recommended by Mullin [12] and Economos [4] ) in only one group (P 2, 96 : 56.6 ± 3.1% TEI).
However, all nine groups had a carbohydrate intake higher than that seen in a representative sample of 2-to 17-year-old boys in the general French population (45% of total energy intake; 16).
Therefore the amount of carbohydrates consumed by our subjects was certainly insufficient for athletes, but more important was the fact that their diet was not well-balanced in terms of carbohydrate content.
Fat is also a necessary nutrient, and our bodies require a minimum of 10% of calories from fat to sustain health. Fat is necessary to provide a store of energy, for insulation, and for the transportation of fat-soluble vitamins. Stored body fat is also used to provide energy during endurance events.
The fat intake in the nine groups studied ranged from 86 to 131 g/d. These values were within the same range as those found by Maughan (93 to 118 g/d; 11), but lower than those observed by Hickson (109 to 154 g/d; 6).
On the other hand, when expressed as a percentage of total energy expenditure, fats accounted for a correct percentage according to the recommendations for sedentary boys of the same age (the percentage contribution of lipids to total energy intake not exceeding 35% in all groups; 3). These findings were in line with those of Maughan (31.5 to 35 % TEI; 11), but higher than the recommendations made by Economos (4) and Holt (7) for athletes (25 to 30% TEI). Mullin was even more restrictive, as she advocated only 20% of calories from fats in athletes (12) .
Therefore, the diet of our subjects was unbalanced for fats, which accounted for too high a percentage of total energy intake.
If we only considered the 19 subjects in P 1, 96 , P 2, 97 , and P 3, 98 observed all 3 years, we find that they significantly increased their energy and macronutrient intakes between the first and second years, and apart from the protein intake (which remained stable), between the second and third years (at least p < .05; Table 2 ). This rise in energy and macronutrient intakes was surely the result of repeated years of coaching and exercise intensity, and nutrition intervention.
Micronutrient Intakes
Calcium is a very important mineral, especially in young athletes. Indeed, calcium intakes must cover the needs linked to bone growth, as well as preventing the onset of premature osteoporosis, which may have serious consequences regarding the development of stress fractures (2) .
Like calcium, the iron status is crucial to performance because of its role in oxygen transport and aerobic metabolism (2) . However, some athletes may be prone to iron deficiency because of increased haemolysis, decreased iron absorption, increased iron losses in the sweat, feces and urine, and an insufficient dietary intake (13, 19) . Iron deficiency can cause anemia or at least the depletion of iron stores in the body (8) . These abnormalities are recognized and referred to as "sports anemia".
Calcium intakes ranged from 903 to 1290 mg/d (Table 2) , and four of the nine groups studied (P 2, 97 , P 2, 98 , P 3, 97 , and P 3, 98 ) presented calcium intakes reaching the levels recommended for sedentary boys of the same age (1218 ± 225, 1290 ± 335, 1276 ± 258, and 1225 ± 262 mg/d, respectively, vs. 1200 mg/d as recommended; 3). However, these calcium intakes were lower than those seen in the 15-to 18-year-old soccer players followed by Hickson et al. (1737 mg/d; 6) .
The iron intake ranged from 12 to 18 mg/day, which was exactly in line with the recommended level (12-18 mg/d; 3) but lower than the level seen in 15-to 18-year-old soccer players by Hickson et al. (20 mg/d; 6) .
If we only considered the 19 subjects observed all 3 years in P 1, 96 , P 2, 97 , and P 3, 98 , it was interesting to note that they markedly increased their calcium and iron intakes between the first and second years (p < .001), then between the second and third years, although the difference failed to reach significance.
Courses on nutrition sponsored by the school certainly had a positive impact on the calcium and iron intakes observed. However, these rises in calcium intake might also have resulted from physiological adaptations linked with physical requirements (growth, gestation, lactation, calcium deficiency, etc.; 14, 17, 18) .
In the nine groups studied, breakfast accounted for 23 to 34% TEI. This was highly satisfactory, as the recommended level is 25% TEI (3). Lunch accounted for 25 to 30% TEI, which was insufficient (recommended level: 45% TEI; 3). Except for subjects in P 3, 96 , whose evening meal accounted for 40 ± 6% TEI, this meal generally covered 29 to 34% TEI, which was in line with the recommended level of 30% TEI.
In contrast, snacking accounted for too high a percentage (10 to 22% TEI vs. 10% TEI recommended). Thus the diet was unbalanced in all groups because snacks were much too important and to the detriment of the midday meal.
Conclusion
The diet of the junior soccer players considered during this study was inadequate for athletes. First of all, they did not consume sufficient energy. A recommendation should be made that they eat more food, for example at lunch, which is at present, and wrongly, the most neglected meal.
Second, they consumed too much fat and not enough carbohydrates. Preference should be given to foods with a high carbohydrate content, such as fruits, vegetables, legumes, breads, cereals, pasta, and whole grains rather than simple sugars. (Although table sugar and honey are full of carbohydrates, they are not of such nutritional value.) They also should limit the intake and frequency of foods rich in fat such as butter, oil, mayonnaise, cream, fried foods, and so on.
Because micronutrients are essential for teenagers in general, and especially for young athletes who are growing and have a high level of physical activity, these junior soccer players should improve their calcium intakes. This should be achieved by consuming more dairy products (milk, cheese, etc.).
Finally, the results obtained for calcium and iron (the intake of which rose during the 3 years of the study) were very encouraging, and this policy should be pursued, with additional courses of nutrition for young athletes. Greater emphasis on carbohydrate intake would also be of considerable value.
